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Opportunities for collaboration



Outline

• Brief introduction to oral microflora
• Some of my work resulting from an 

SOD/SON collaboration
• Personal examples of other previous 

SOD/SON collaborations 
• Examples of potential future collaborations



Human Microflora
• Based on cell counts, 

we are 10 parts 
bacteria and 1 part 
human

• Based on gene 
content, we are 150 
parts bacteria, and 1 
part human

NIH Human Microbiome Project



Oral Microflora

• More than 700 species 
identified

• Composition changes with 
time and location

• Normal flora likely serves 
as a barrier to colonization 
by pathogens

Kolenbrander, P. E., R. N. Andersen, D. S. Blehert, P. G. Egland, J. S. Foster, and R. J. 
Palmer, Jr. 2002. Communication among oral bacteria. Microbiol Mol Biol Rev 66:486-505.

http://mmbr.asm.org/content/vol66/issue3/images/large/mr0320020001.jpeg


Oral Microflora

Zijnge, V., M. B. M. van Leeuwen, J. E. Degener, F. Abbas, T. Thurnheer, R. Gmür, and H. J. M. Harmsen. 2010. Oral biofilm 
architecture on natural teeth. PLoS ONE 5:e9321.



Oral Microflora

Kolenbrander, P. E., R. N. Andersen, D. S. Blehert, P. G. Egland, J. S. Foster, and R. J. Palmer, Jr. 2002. Communication among 
oral bacteria. Microbiol Mol Biol Rev 66:486-505.

http://mmbr.asm.org/content/vol66/issue3/images/large/mr0320020001.jpeg


Early SOD/SON Collaboration

• Frank Macrina: 
Streptococcus mutans 
and dental caries

• Cindy Munro: 
Streptococcus mutans 
and infective 
endocarditis?



Infective Endocarditis Pathogenesis

Normal valveNormal valve Damaged valveDamaged valve

Disease, valve replacementDisease, valve replacement

Deposition ofDeposition of
platelets and platelets and 
fibrinfibrin

Transient bacteremiaTransient bacteremia

Sterile vegetation Sterile vegetation 



Infective Endocarditis Pathogenesis

http://picasaweb.google.com/lh/photo/L9yoQkfQpDzr6YQy_6r1RA



Infective Endocarditis Prevention



Munro and Macrina
• Munro, C. L., and F. L. Macrina. 1993. Sucrose-derived exopolysaccharides of 

Streptococcus mutans V403 contribute to infectivity in endocarditis. Mol. Microbiol. 
8:133-42. 

• Wells, V. D., C. L. Munro, M. C. Sulavik, D. B. Clewell, and F. L. Macrina. 1993. 
Infectivity of a glucan synthesis-defective mutant of Streptococcus gordonii (Challis) 
in a rat endocarditis model. FEMS Microbiol Lett 112:301-5. 

• Burnette-Curley, D., V. Wells, H. Viscount, C. L. Munro, J. C. Fenno, P. Fives-Taylor, 
and F. L. Macrina. 1995. FimA, a major virulence factor associated with 
Streptococcus parasanguis endocarditis. Infect. Immun. 63:4669-74.

• Viscount, H. B., C. L. Munro, D. Burnette-Curley, D. L. Peterson, and F. L. Macrina. 
1997. Immunization with FimA protects against Streptococcus parasanguis 
endocarditis in rats. Infect Immun 65:994-1002.

• Kitten, T., C. L. Munro, S. M. Michalek, and F. L. Macrina. 2000. Genetic 
characterization of a Streptococcus mutans LraI family operon and role in virulence. 
Infect. Immun. 68:4441-4451.

• Kitten, T., C. L. Munro, A. Wang, and F. L. Macrina. 2002. Vaccination with FimA 
from Streptococcus parasanguis protects rats from endocarditis caused by other 
viridans streptococci. Infect. Immun. 70:422-425.



Streptococcus sanguinis genome 
sequence

Xu, P., J. M. Alves, T. Kitten, A. Brown, Z. 
Chen, L. S. Ozaki, P. Manque, X. Ge, M. G. 
Serrano, D. Puiu, S. Hendricks, Y. Wang, M. D. 
Chaplin, D. Akan, S. Paik, D. L. Peterson, F. L. 
Macrina, and G. A. Buck. 2007. Genome of the 
opportunistic pathogen Streptococcus sanguinis. 
J Bacteriol 189:3166-3175.

• 2.388 Mb
• ~2300 genes

Ping Xu, Ph.D.
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Lipoprotein candidates

• 53 lipoproteins genes
• Made 53 mutants
• The lipoprotein SsaB was found to be 

essential for virulence



SsaB
• S. sanguis adhesin B

Ganeshkumar, N., M. Song, and B. C. McBride. 1988. Cloning of a Streptococcus sanguis 
adhesin which mediates binding to saliva-coated hydroxyapatite. Infect Immun 56:1150-1157.



SsaB
• S. sanguis adhesin B
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Inhibition of Mn uptake?

Glen E. Kellogg , Ph.D. 
Associate Professor 
Department of 
Medicinal Chemistry

Saliva Serum
Mn conc. 36 μM 20 nM



SsaB Family



Other Diseases



• Paik, S., A. Brown, C. L. Munro, C. N. Cornelissen, and T. Kitten. 2003. The sloABCR operon of 
Streptococcus mutans encodes an Mn and Fe transport system required for endocarditis virulence and its Mn- 
dependent repressor. J. Bacteriol. 185:5967-5975.

• Paik, S., L. Senty, S. Das, J. C. Noe, C. L. Munro, and T. Kitten. 2005. Identification of virulence determinants 
for endocarditis in Streptococcus sanguinis by signature-tagged mutagenesis. Infect. Immun. 73:6064-74.

• Tang, G., T. Kitten, C. L. Munro, G. C. Wellman, and K. P. Mintz. 2008. EmaA, a potential virulence 
determinant of Aggregatibacter (Actinobacillus) actinomycetemcomitans in infective endocarditis. Infect 
Immun 76:2316-2324.

• Ge, X., T. Kitten, Z. Chen, S. P. Lee, C. L. Munro, and P. Xu. 2008. Identification of Streptococcus sanguinis 
genes required for biofilm formation and examination of their role in endocarditis virulence. Infect. Immun. 
76:2551-2559.

• Turner, L. S., S. Das, T. Kanamoto, C. L. Munro, and T. Kitten. 2009. Development of genetic tools for in vivo 
virulence analysis of Streptococcus sanguinis. Microbiology 155:2573-2582.

• Turner, L. S., T. Kanamoto, T. Unoki, C. L. Munro, H. Wu, and T. Kitten. 2009. Comprehensive evaluation of 
Streptococcus sanguinis cell wall-anchored proteins in early infective endocarditis. Infect. Immun. 77:4966- 
4975.

• Das, S., T. Kanamoto, X. Ge, P. Xu, T. Unoki, C. L. Munro, and T. Kitten. 2009. Contribution of lipoproteins 
and lipoprotein processing to endocarditis virulence in Streptococcus sanguinis. J. Bacteriol. 191:4166-4179.

• Ge, X., T. Kitten, C. L. Munro, D. H. Conrad, and P. Xu. 2010. Pooled protein immunization for identification of 
cell surface antigens in Streptococcus sanguinis. PLoS ONE 5:e11666.

• Callahan, J. E., C. L. Munro, and T. Kitten. 2011. The Streptococcus sanguinis competence regulon is not 
required for infective endocarditis virulence in a rabbit model. PLoS ONE 6:e26403.

• Kitten, T., C. L. Munro, N. Q. Zollar, S. P. Lee, and R. D. Patel. 2012. Oral streptococcal bacteremia in 
hospitalized patients: taxonomic identification and clinical characterization. J Clin Microbiol 50:1039-1042.

Munro and Kitten



Other Collaborations

• “Low-tech” microbiology



Equipment and Resources

Anaerobic jars

Temperature-controlled 
microplate readerAnoxomat anaerobic 

system

37ºC incubator

Thermal
cyclerBiosafety 

cabinet



Other Collaborations

• “Low-tech” microbiology
• Asking neglected questions or old questions 

in new ways



Other Collaborations

Deborah J Jones, PhD, MS, RN 

Oral Care and Bacteremia Risk 
in Mechanically Ventilated Adults 

Healthcare Acquired Infection Risk and Toothbrush 
Contamination in the ICU 

Michelle Frazelle, PhD, RN, CCRN 

•Bacterial species identification
•Epidemiological molecular strain typing



Other Collaborations

• “Low-tech” microbiology
• Asking neglected questions or old questions 

in new ways
• Asking questions that couldn’t be asked 

previously



Other Collaborations

• Example:
– Are particular communities of oral bacteria 

associated with health or a particular disease?
• Approach: Metagenomics
• Method: “Next-generation” deep sequencing



Metagenomics

Also Ping Xu, Ph.D., Janina Lewis, Ph.D.



Other Collaborations?

• Alison Montpetit, R.N., Ph.D.
– Does the oral microflora 

contribute measurably to the 
composition of exhaled breath 
condensate?

– Could this be useful for 
diagnostic purposes?



Collaborations Involving Other SOD 
Researchers Working with Oral 

Microflora?



Oral Bacteria in Relation to Extra- 
oral Diseases

• Infective endocarditis • Periodontal disease 
as contributing to 
atherosclerosis and 
coronary heart 
disease



Periodontal disease

Madore, F. 2009. Periodontal disease: a modifiable risk factor for 
cardiovascular disease in ESRD patients? Kidney Int 75:672-674.

• Direct infection or 
action at a distance

• Associated with
– Premature birth or low 

birth weight
– Diabetes
– Others?



SOD Faculty Working on 
Periodontal Disease

Harvey Schenkein, D.D.S., Ph.D.

Esra Sahingur, D.D.S., Ph.D.

Janina Lewis, Ph.D.



What we can do for you

• Provide expertise and 
equipment for pilot studies 
involving microbiology
– “Yes, we can do that!”

• Bring you our ideas for the 
“next big thing” and be open 
to yours



What you can do for us

• Bring us your ideas and 
problems

• Include the SOD in research 
seminar notices?

• Keep your door open for us 
(as is already the case)



References
• Aas, J. A., B. J. Paster, L. N. Stokes, I. Olsen, and F. E. Dewhirst. 2005. Defining the normal bacterial flora of the 

oral cavity. J. Clin. Microbiol. 43:5721-32.
• Bouchard, P., P. Boutouyrie, F. D'Aiuto, J. Deanfield, E. Deliargyris, F. Fernandez-Aviles, F. Hughes, P. 

Madianos, S. Renvert, and M. Sanz. 2010. European workshop in periodontal health and cardiovascular disease 
consensus document. European Heart Journal Supplements 12:B13-B22.

• Diaz, P. I., N. I. Chalmers, A. H. Rickard, C. Kong, C. L. Milburn, R. J. Palmer, Jr., and P. E. Kolenbrander. 
2006. Molecular characterization of subject-specific oral microflora during initial colonization of enamel. Appl. 
Environ. Microbiol. 72:2837-2848.

• Hayashi, C., C. V. Gudino, F. C. Gibson III, and C. A. Genco. 2010. Review: Pathogen-induced inflammation at 
sites distant from oral infection: bacterial persistence and induction of cell-specific innate immune inflammatory 
pathways. Mol Oral Microbiol 25:305-316.

• Jenkinson, H. F., and R. J. Lamont. 2005. Oral microbial communities in sickness and in health. Trends Microbiol 
13:589-95.

• Keijser, B. J. F., E. Zaura, S. M. Huse, J. M. B. M. van der Vossen, F. H. J. Schuren, R. C. Montijn, J. M. ten 
Cate, and W. Crielaard. 2008. Pyrosequencing analysis of the oral microflora of healthy adults. J Dent Res 87:1016- 
1020.

• Kolenbrander, P. E., R. N. Andersen, D. S. Blehert, P. G. Egland, J. S. Foster, and R. J. Palmer, Jr. 2002. 
Communication among oral bacteria. Microbiol Mol Biol Rev 66:486-505.

• Koren, O., A. Spor, J. Felin, F. Fåk, J. Stombaugh, V. Tremaroli, C. J. Behre, R. Knight, B. Fagerberg, R. E. 
Ley, and F. Bäckhed. 2011. Human oral, gut, and plaque microbiota in patients with atherosclerosis. Proc Natl Acad 
Sci U S A 108:4592-4598.

• Napeñas, J. J., M. T. Brennan, F. K. Bahrani-Mougeot, P. C. Fox, and P. B. Lockhart. 2007. Relationship 
between mucositis and changes in oral microflora during cancer chemotherapy. Oral Surgery, Oral Medicine, Oral 
Pathology, Oral Radiology, and Endodontology 103:48-59.

• Preza, D., I. Olsen, T. Willumsen, B. Grinde, and B. Paster. 2009. Diversity and site-specificity of the oral 
microflora in the elderly. Eur J Clin Microbiol Infect Dis 28:1033-1040.

• Skilton, M., L. Maple-Brown, K. Kapellas, D. Celermajer, M. Bartold, A. Brown, K. O'Dea, G. Slade, and L. 
Jamieson. 2011. The effect of a periodontal intervention on cardiovascular risk markers in Indigenous Australians 
with periodontal disease: the PerioCardio study. BMC Public Health 11:729.

• Xie, G., P. S. G. Chain, C. C. Lo, K. L. Liu, J. Gans, J. Merritt, and F. Qi. 2010. Community and gene 
composition of a human dental plaque microbiota obtained by metagenomic sequencing. Mol Oral Microbiol 25:391- 
405.

• Zijnge, V., M. B. M. van Leeuwen, J. E. Degener, F. Abbas, T. Thurnheer, R. Gmür, and H. J. M. Harmsen. 
2010. Oral biofilm architecture on natural teeth. PLoS ONE 5:e9321.


	 The Oral Microflora in Health and Disease
	Outline
	Human Microflora
	Oral Microflora
	Oral Microflora
	Oral Microflora
	Early SOD/SON Collaboration
	Infective Endocarditis Pathogenesis
	Infective Endocarditis Pathogenesis
	Infective Endocarditis Prevention
	Munro and Macrina
	Streptococcus sanguinis genome sequence
	The Cell Surface 
	Lipoprotein candidates
	SsaB
	SsaB
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Inhibition of Mn uptake?
	SsaB Family
	Other Diseases
	Munro and Kitten
	Other Collaborations
	Equipment and Resources
	Other Collaborations
	Other Collaborations
	Other Collaborations
	Other Collaborations
	Slide Number 30
	Other Collaborations?
	Collaborations Involving Other SOD Researchers Working with Oral Microflora?
	Oral Bacteria in Relation to Extra-oral Diseases
	Periodontal disease
	SOD Faculty Working on Periodontal Disease
	What we can do for you
	What you can do for us
	References

